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Final  Technical  Report 


The  research  supported  by  this  grant  is  centered  on  probing  the  spectroscopy  and 
dynamics  of  a  variety  of  transient  species  using  two  anion  photodetachment  techniques; 
photoelectron  spectroscopy  and  zero  electron  kinetic  energy  spectroscopy.  Most  of  the 
research  effort  was  devoted  to  the  transition  state  spectroscopy  of  reactions  involving  H 
atom  abstraction  by  fluorine  atoms.  We  have  also  measured  electron  affinities  of  several 
radicals,  and  have  characterized  several  of  the  excited  electronic  states  of  O3  for  the  first 
time.  Finally,  we  have  begun  studying  weakly  bound  clusters  in  which  a  halide  ion  is 
solvated  by  a  known  number  of  CO2  molecules. 

A)  Experimental  Techniques 

Two  instruments  are  used  in  these  studies.  In  both,  a  beam  of  cold  negative  ions  is 
produced  by  crossing  a  pulsed  molecular  beam  of  the  appropriate  precursors  with  the 
beam  from  an  electron  gun.  The  ions  are  mass-selected  and  then  photodetached  with  a 
pulsed  laser.  In  the  photoelectron  spectrometer,  a  fixed-frequency  laser  is  used  for 
photodetachment,  and  the  kinetic  energy  of  the  ejected  photoelectrons  is  measured  via 
time-of-flight.  The  resulting  spectrum  maps  out  the  electronic  and  vibrational  structure  of 
the  neutral  species,  and  the  intensity  distribution  is  sensitive  to  geometry  changes  between 
the  anion  and  neutral.  The  energy  resolution  of  this  instrument  is  8- 10  meV,  which  is 
sufficient  to  resolve  at  least  some  vibrational  structure  in  most  of  the  systems  we  study.  In 
the  zero  electron  kinetic  energy  (ZEKE)  spectrometer,  the  anions  are  photodetached  with 
a  tunable  laser,  and  only  those  photoelectrons  produced  with  nearly  zero  kinetic  energy 
are  detected.  By  plotting  this  electron  signal  vs.  the  laser  frequency,  we  obtain,  in 
principle,  the  same  information  as  the  photoelectron  spectrum  (PES),  but  the  resolution  of 
the  ZEKE  spectrometer  is  much  higher,  about  0.3-0.4  meV. 

Since  the  photoelectron  spectrometer  is  considerably  easier  to  use,  our  typical  plan 
of  action  is  to  obtain  the  PES  for  a  many  anions  of  interest,  and  to  look  at  a  subset  of 
these  at  higher  resolution  with  the  ZEKE  spectrometer.  This  combination  of  techniques  is 
unique  to  our  laboratory  and  gives  us  unprecedented  flexibility  in  studying  anion 
photodetachment. 

B)  Transition  State  Spectroscopy 

In  these  experiments,  the  transition  state  region  for  the  reaction  A  -h  BC  -»AB  -1-  C 
is  accessed  by  photodetachment  of  the  stable  negative  ion  ABC-.  Provided  that  the  anion 
geometry  is  close  to  that  of  the  neutral  transition  state,  the  anion  photoelectron  spectrum 
probes  the  vibrational  spectroscopy  and  dissociation  dynamics  of  the  unstable  ABC 
complex.  This  provides  an  invaluable  probe  of  the  transition  state  region  for  the  reaction, 
arguably  the  most  important  part  of  a  reactive  potential  energy  surface. 

Our  research  in  this  area  over  the  last  three  years  has  focused  on  hydrogen  transfer 
reactions  of  F  atoms.  Three  of  these  were  “heavy  -1-  light-heavy”  reactions,  in  which  an  H 
atom  is  transferred  between  two  much  heavier  species: 
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F+OH  HF+0 
F  +  CH^OH  -^HF+  CH^O 
F + C2//5O//  -^HF+C^  H^O 

The  transition  states  for  these  reactions  are  probed  by  photoelectron  spectroscopy  of 
OHF',  CH3OHF-,  and  C2H5OHF-,  respectively.  Each  photoelectron  spectrum  shows 
resolved  vibrational  structure  assigned  to  the  “asymmetric  stretch”,  that  is,  the  vibrational 
mode  of  the  transition  state  in  which  the  H  atom  is  vibrating  between  the  F  and  O  atoms. 
There  are  no  high  quality  potential  energy  surfaces  for  these  reactions  to  which  we  can 
compare  our  results,  but  simulations  of  the  OHF-  photoelectron  spectrum  on  model 
potential  energy  surfaces  indicated  how  these  surfaces  should  be  modified  to  better  match 
the  experiments. 

The  other  reaction  we  have  studied  is  the  very  fundamental  reaction: 

f+h^-^hf+h 

This  reaction  has  been  the  subject  of  innumerable  experimental  and  theoretical 
investigations  since  the  dawn  of  reaction  dynamics.  Nonetheless,  there  has  been 
considerable  uncertainty  regarding  some  very  basic  features  of  its  potential  energy  surface, 
namely  the  barrier  height  and  the  nature  of  the  FHH  bend  potential.  Our  photoelectron 
spectrum  of  FH2-  reveals  a  progression  in  the  FHH  bending  mode,  and  since  the  ion  is 
linear,  this  means  the  transition  state  is  bent.  While  our  experimental  work  was  being 
carried  out,  a  new  ab  initio  potential  energy  surface  was  calculated  for  this  reaction,  and 
exact  quantum  mechanical  simulations  on  this  new  surface  show  excellent  agreement  with 
our  spectrum.  Hence  it  appears  that  this  long-standing  problem  in  chemical  dynamics  has 
been  solved. 


C)  Studies  of  Radicals  by  Anion  Photoelectron  Spectroscopy 


We  have  also  performed  several  “conventional”  photoelectron  spectroscopy 
experiments  in  which  anion  photodetachment  produces  a  stable  neutral  species,  typically  a 
free  radical.  The  maximum  energy  of  our  photodetachment  laser  is  5.822  eV, 
considerably  higher  than  that  available  from  the  cw  lasers  more  commonly  used  in 
photoelectron  spectrometers,  so  we  can  study  species  with  high  electron  affinities  as  well 
as  excited  states  of  radicals  with  lower  electron  affinities.  We  have  obtained  the  first 
accurate  electron  affinities  for  the  CN,  NCO,  and  NCS  radicals.  Moreover,  our 
photoelectron  spectrum  of  O3-  yielded  the  energies  of  several  low-lying  states  of  O3  that 
had  not  been  identified  previously.  This  work  showed  that  O3  has  no  excited  states  below 
the  O2  +  O  dissociation  limit;  such  states  had  been  postulated  in  the  past  to  explain  some 
of  the  atmospheric  chemistry  of  O3.  _  | 
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D)  Solvation  of  Halide  Ions  in  Size-selected  Clusters 


Since  anions  are  easily  mass-selected,  photodetachment  of  anion  clusters  offers  a 
powerful  means  of  studying  the  stepwise  solvation  of  a  negative  ion.  The  evolution  of  the 
photodetachment  spectrum  with  cluster  size  enables  one,  in  principle,  to  track  the  , 

spectroscopy  of  an  anion  from  the  isolated  molecule  to  condensed  phase  limits.  To  this  c  *«}09 
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end,  we  have  measured  the  photoelectron  spectrum  of  the  clusters  I  (C02)„=,.,3  and  the 
ZEKE  spectrum  of  I  COn.  The  “stepwise  solvation  energies”  obtained  from  the 
photo  '  -iron  spectrum  indicate  that  the  first  solvation  shell  occurs  for  nine  CO2 
mok  surrounding  the  I  anion.  The  vibrational  structure  in  these  spectra  shows  that 
the  i  s.  lion  between  the  anion  and  CO2  is  sufficient  to  distort  the  CO2  by  several 
degrees  from  linearity.  The  higher  resolution  ZEKE  spectrum  reveals  the  splitting  of  the  I 
2P3/2  electronic  state  in  the  neutral  I  CO2  complex,  and  it  also  yields  vibrational  frequencies 
for  the  low  frequency  C-I  stretching  modes  in  the  anion  and  neutral.  These  studies  are 
continuing  with  other  anion  chromophores  and  solvating  species. 
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ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  objective  of  this  research  program  is  to  use  negative  ion  photodetachment  as  a  means  of 
investigating  a  variety  of  transient  species  which  are  of  fundamental  chemical  interest  and  which 
cannot  be  studied  by  other  means.  The  major  component  of  this  research  is  the  study  of  transition 
states  in  chemical  reactions.  Here  the  transition  state  for  a  neutral  reaction  is  accessed  by 
photodetachment  of  a  stable  negative  ion  similar  in  structure  to  the  neutral  transition  state.  The 
resulting  photoelectron  spectrum  probes  the  geometry  and  dissociation  dynamics  of  the  transition 
state.  Our  work  during  the  last  three  years  has  focused  on  reactions  of  the  type  F  +  HB  -»  HF  +  B 
(B=H,  OH,  CH3O,  C2H5O).  While  all  of  these  studies  yielded  resolved  vibrational  structure 
associated  with  the  neutral  transition  state,  the  most  successful  work  was  performed  on  the  F  -1-  H2 
reaction,  which  was  studies  by  photoelecU'on  spectroscopy  of  FH2'.  The  spectrum  established  that 
the  neutral  transition  state  is  bent,  and  a  detailed  comparison  with  theory  indicates  that  an  accurate 
potential  energy  surface  for  this  reaction  has  finally  been  developed. 

Another  component  of  this  research  program  is  to  investigate  radicals  and  clusters  via  the  same 
techniques  used  to  study  transition  states.  To  this  end,  we  have  measured  the  electron  affinities  of 
CN,  NCO,  and  NCS,  and  have  used  photoelectron  spectroscopy  of  03"  to  make  the  first 
experimental  identification  of  several  low-lying  electronic  states  of  O3.  Finally,  we  have  measured 
photoelectron  spectra  and  higher  resolution  zero  electron  kinetic  energy  (ZEKE)  spectra  of  I- 
solvated  by  known  numbers  of  C02  molecules  in  order  to  examine  how  stepwise  solvation  affects 
the  T  and  I  chromophores. 
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